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(54) Apparatus and method for instantaneous reacquisition in a network system 



(57) A data link network system comprising a central 
node airborne station and a plurality of ground stations 
each having multi-channel transmitter/receiver capable 
of transmitting quadrature phase spread spectrum sig- 
nals and in phase spread spectrum signals both of which 
contain data. One of said quadrature channels is main- 
tained as a master channel which provides a master 
time of day clock in the airborne platform of the network 
system and the other channel is employed as an adjust- 
able time of day clock channel for resynchronizing 



ground stations after an outage. When an outage occurs 
between the airborne station and one of the ground sta- 
tions the airborne station calculates the propagation 
time to the ground station and shifts the adjustable chan- 
nel to transmit a spread spectrum data signal which will 
arrive in synchronization with the time of day in the 
ground station that had the outage. The transmitted data 
signal is instantaneously reacquired by the ground sta- 
tion and the data transmitted is employed to resynchro- 
nize the ground station receiver/transmitter with the 
master clock in the airborne receiverAransmitter. 



CM 
< 
O 

CM 
O) 

o 



Q. 
UJ 



Printed by Jouve. 75001 PARIS (FR) 



1 



EP 1 049 270 A2 



2 



Description 

BACKGROUND OF THE INVENTION 

1. Related Applications 

[0001] The present invention relates to my co-pend- 
ing U.S. Applications, Serial No. 107,209 filed 29 June 
1998 for A Method for Dissemination of Multi-Sensor 
Products and U.S. Application , Serial No. 107,208 filed 
29 June 1998 for an Adaptable and Controllable Multi- 
Channel Data Link. 

2. Field of the Invention 

[0002] The present invention relates to communica- 
tion data links of the type employed between an airborne 
platform or platforms and ground stations. More partic- 
ularly, the present invention relates to a novel multi- 
channel data link where each channel contains a time 
of day spread spectrum waveform having means for in- 
dependently advancing and retarding the time of day in 
each of the quadrature channels to enable instantane- 
ous reacquisition of a ground station after an outage has 
occurred. 

3. Description of the Prior Art 

[0003] It is known that airborne surveillance platforms 
are used to capture optical images, infrared images and/ 
or radar images and to process the sensed image infor- 
mation into a digital format and then communicate this 
image information to plural ground stations over a data 
link using secure spread spectrum modulated wave- 
forms. When the airborne platform encounters an ob- 
stacle between it and the ground station, the ground sta- 
tion loses its spread spectrum synchronization or lock 
of the down link signal. Correspondingly, the airborne 
platform also loses its synchronization or lock on the up 
link signal from the ground station. Any attempt by the 
airborne platform to advance or retard its down link sig- 
nal to aid the ground station to reacquire the down link 
signal will cause the other ground stations to lose their 
lock or synchronization on their down link signals. 
[0004] The problem is made worse when the down 
link signals are transmitted in predetermined time slots 
using Time Division Multiple Access (TDMA) format be- 
cause the airborne platform is moving and its signal time 
of propagation is continuously changing. 
[0005] Heretofore, multi-channel in-phase (I) and 
quadrature phase (Q) multi-channel transmitters were 
known, but were employed to enhance the amount of 
power received at a receiver. Such systems are ex- 
plained in my USPN 5,559,788 which is incorporated by 
reference herein. In the two co-pending U.S. applica- 
tions referenced above, the power and data rate of the 
in-phase and quadrature channels were adjusted to 
overcome jamming of one ground station which could 



cause an outage of the network system or a reduction 
in the data rate of the entire network system. 
[0006] None of the systems discussed hereinbefore 
have addressed the problem that occurs when an out- 

s age of one or more ground stations in a network system 
requires reacquisition of the ground station as rapidly as 
possible. Thus, it would be desirable to provide an ap- 
paratus and a method for instantaneously reacquiring a 
ground station back into a network system after an out- 

10 age has occurred. 

SUMMARY OF THE INVENTION 

[0007] It is a principal object of the present invention 

is to virtually eliminate reacquisition time of a ground sta- 
tion into a surveillance system or network. 
[0008] It is a principal object of the present invention 
to provide a multi-channel Data Link System in which 
one quadrature channel is maintained as a master time 

20 of day spread spectrum waveform and the other channel 
is independently varied in phase time relationship rela- 
tive to the master channel to provide a reacquisition 
down link signal to the ground station. 
[0009] It is a principal object of the present invention 

2S to calculate a propagation time from an airborne station 
or node to a ground station at the time of reacquisition 
so that the down link signal is synchronized at the time 
of reception by the ground station's receiver whose time 
of day clock is known. 

30 [0010] It is a principal object of the present invention 
to calculate a time of day correction signal at the air- 
borne station for a ground station to enable the ground 
station to reacquire and resynchronize its time of day 
clock with the master time of day clock in the airborne 

55 station. 

[0011] It is a principal object of the present invention 
to resynchronize the phase and time of day signal of the 
adjustable in-phase channel in the airborne station with 
the master channel once all ground stations have been 

40 reacquired. 

[0012] According to these and other objects of the 
present invention there is provided in a Data Link Net- 
work System a central node or airborne station with a 
multi-channel transmitter/receiver capable of transmit- 

45 ting quadrature phase spread spectrum signals both of 
which contain data. One channel is maintained as a 
master channel which provides a master time of day 
clock for the network system and the other channel is 
employed as an adjustable time of day channel. After 

50 an outage between the airborne station and one of its 
ground station's, the airborne station calculates the 
propagation time to the ground station and shifts the ad- 
justable channel to transmit a spread spectrum data sig- 
nal which will arrive in synchronization with the time of 

55 day clock in the ground station that has the outage. The 
transmitted data signal is instantaneously reacquired by 
the ground station and the data accompanying the down 
link transmission is employed to resynchronize the 
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ground station receiverAransmitter with the master clock 
in the airborne receiver/transmitter. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0013] 

Figure 1 is a schematic block diagram of a prior art 
surveillance system showing a plurality of fixed 
ground stations that are adapted to communicate 
with a single or point source moving airborne station 
over a single channel; 

Figure 2 is a schematic diagram showing a surveil- 
lance system having one of a plurality of ground sta- 
tions that has lost its data link lock due to some rea- 
son and is attempting the reacquisition of the air- 
borne signal from a new and unknown location after 
losing its lock; 

Figures 3A, 3B, 3C and 3D are waveforms used to 
explain the propagation time between an airborne 
station and one of a plurality of ground stations be- 
fore an outage has occurred; 
Figures 4A, 4B, 4C and 4D are waveforms used to 
explain the novel invention and how the ground sta- 
tions are capable of reacquiring the airborne down 
link signal without having to perform an acquisition 
search; and 

Figure 5 is a block flow diagram of a control se- 
quence of steps or events that are employed to 
reacquire a ground station after an outage has oc- 
curred. 

DETAILED DESCRIPTION OF THE PREFERRED 
EMBODIMENTS 

[0014] Refer now to Figure 1 showing a prior art single 
channel data link network system 10 comprising a plu- 
rality of ground stations 11 to 12 and a single central 
node or airborne station 13. At the time of outage the 
airborne station 13 has some blockage 14 or condition 
which prevents its down link signal from reaching the 
ground station 12. This blockage or outage can be 
caused by terrain masking or aircraft shadowing or other 
reasons. In any event the ground station is not capable 
of communicating with the airborne station 13. However, 
the airborne station 1 3 at the time of outage with ground 
station 12 is still capable of communicating with ground 
station 11. After the airborne or central node station 13 
has moved to a new position shown by phantom lines 
at block 1 3' it has a line of sight or communication ability 
with both ground station 11 and ground station 12. How- 
ever, the ground station 12 has lost its synchronization 
with the master time of day clock which is part of the 
control system of the airborne station 13, 13'. 
[0015] In this single channel embodiment the master 
time of day (t) in the airborne station 13 was changed 
during its propagation time T1 and T2. It will be noted 
that the propagation times T1 and T2 differ substantially 



and the time of arrival of the signal at ground station 11 
and ground station 12 before outage is shown as t plus 
T2 and t plus T1 , respectively. After the airborne station 
has moved to its new position shown at block 1 3' the 

5 new time of day arrival of the signals has changed to t 
plus T2' and t plus TV, respectively. Thus, it will be un- 
derstood that any attempt of the airborne station 1 3 to 
correct its single channel time of day clock to aid in the 
acquisition of ground station 12 after outage will auto- 

10 matically cause the ground station 11 to see a changing 
time of day signal which will cause it to lose lock or syn- 
chronization. Thus, it will be understood that in this prior 
art embodiment it was the ground station 12 responsi- 
bility to do a search and reacquisition on its own to reac- 
ts quire the master time of day clock t still being transmitted 
by the airborne station at its location 13'. 
[0016] Refer now to Figure 2 showing a schematic 
block diagram of a surveillance system 20 having a plu- 
rality of ground stations and a single central node 1 3A 

20 similar to that described in Figure 1. In the preferred em- 
bodiment of the present invention the transmitter/receiv- 
er and control systems in the central node 1 3A and 1 3A* 
have been modified to transmit dual or multi-channel 
signals and the ground stations 1 1 A and 1 2A have trans- 

25 mitter/receivers that have been modified to receive the 
multi-channel or dual channel signals. To illustrate the 
preferred embodiment of the present invention, a dia- 
grammatic signal 15 is shown having a vertical vector 
illustrating the master time of day t and a horizontal vec- 

30 tor illustrating an adjustable time of day t which are in 
quadrature phase relationship with each other so as to 
avoid cross-channel interference. Thus, the time of day 
of the signal shown as T1 leaving the airborne station 
13A is illustrated by the signal 15 which is also applied 

35 to the same signal transmitted to receiver 11 A but with 
a propagation time T2. The time of arrival of the dual 
channel signal from central node or airborne station 1 3A 
at ground station 12A is shown as a multi-channel signal 
having a master time of day t plus T1 and an adjustable 

40 time of day signal t plus T1 at the time of outage caused 
by the obstruction 1 4. In a similar manner, the same sig- 
nal 15 is shown at time of arrival at ground station 11 A 
as having a master time of day t plus T2 and an adjust- 
able time of day t plus T2 at the time of outage. 

4S [001 7] After the airborne station 1 3A has moved to a 
new position shown as block 1 3A\ the obstruction 1 4 is 
no longer in the line of sight and has been removed. It 
will be understood that the ground station 11 A has con- 
tinued its communication with its up link and down link 

so signals with the airborne station 1 3A without interrup- 
tion. Thus, the down link signal having a propagation 
time T2' is arriving as a complex signal or dual channel 
signal shown by the vectors 17. The down link signal at 
the time of transmission from the airborne station 1 3A* 

55 j s shown at the vector 18 comprising a master time of 
day clock t and an adjustable time of day clock t plus T1 
minus TV after adjustment. 

[001 8] Stated differently, the airborne station 1 3A' de- 
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sires to transmit an adjusted signal that will arrive in syn- 
chronization with the adjusted time of day clock shown 
as t plus T1 at ground station 1 2A. This is accomplished 
by adjusting the adjustable time of day clock at the air- 
borne station 1 3A to t plus T1 minus T1 1 and the adjusted 
signal arrives at the ground station 12A such that the 
T1 ' propagation time cancels out and the ground station 
12A receives its signals as if the airborne station was 
still at the outage position 13A. 
[001 9] At this point in time, the ground station 1 2A cor- 
relates its local time of day with the adjusted down link 
signal. Station 12A then uses this course lock correla- 
tion to perform precise time of day lock-on such that any 
residual time difference between the ground stations lo- 
cal time of day and the received adjusted time of day 
are removed. It is now necessary for the ground station 
12A to inform the central node or airborne station 13A 
that it has acquired synchronization. Ground station 1 2A 
employs the down link information supplied by the air- 
borne station to adjust its own clock so that it is synchro- 
nized to the master time of day (t) in the airborne plat- 
form 1 3A' as will be explained in greater detail herein- 
after. It will be explained that when this adjustment is 
complete that the factor T1 minus T1 ' will be eliminated 
from the master clock equation and both channels will 
be in synchronization with the master time of day clock. 
[0020] It will be understood that the ground station 
1 1 A was tracking the master time of day and continues 
tracking the master time of day while this adjustment has 
been transpiring. Thus, it maintains its own synchroni- 
zation and its time of day clock has not been changed. 
[0021] Refer now to waveform Figure 3A showing a 
series of time of day epochs 21 through 24 that are oc- 
curring at the airborne station 13A. As will be explained 
hereinafter, these epochs or time of day slots may be 
used for time division multiple access time slots. 
[0022] Refer now to Figure 3B which shows the delay 
in time shifted time epoch slots 21 through 24 at the time 
of arrival at the ground station 12A before any outage 
has occurred. 

[0023] Refer now to Figure 3C showing a time slot 25 
which occurs at the ground station 12A at the time of its 
up link transmission. The time slot 25 is transmitted in 
time prior to the occurrence of its time slot allocated by 
the receiver but at the time of arrival at the airborne sta- 
tion 13A, it will synchronize with and occur at time slot 
22. It will be understood that data is usually transmitted 
during this time slot 25 for arrival at the airborne station 
during time slot 22. 

[0024] Refer now to Figure 3D showing the composite 
for four ground stations up link time slots at the time of 
arrival at the airborne station 13A. The four stations 
have their transmitted data arriving at the airborne sta- 
tion in perfect synchronization with the epochs 21 
through 24. It will be understood that each of the plurality 
of ground stations GS1 to GSN has its own unique time 
slot and the airborne station 1 3 A has a unique epoch or 
time slot for arrival of the information in the ground sta- 



tion's time slot which occurs in synchronism with the oc- 
currence of the time slots 21 through 24 shown as data 
21Ato24A. 

[0025] Refer now to Figure 4 A showing a time slot N 
s (22B) at its time of arrival at the airborne station 13A'. 
Note that the airborne station 1 3 A has moved to a new 
position 13A' causing a displacement in time shown as 
"ABS moved" which lengthens the previous propagation 
time shown as T1 . The airborne station 1 3A' knows its 
old position and its new position and knows the position 
of the ground station 1 2A, thus is able to calculate the 
propagation time T1 \ The difference between T1 ' minus 
Tl is the factor "ABS moved". Once the airborne station 
1 3A receives a signal such as 22B, it knows that the 
obstruction 14 has been removed and line of sight com- 
munication has been reestablished with the ground sta- 
tion 12 A. At this time, -the airborne station 13A' is able 
to make the adjustment time of day calculation t plus T1 
discussed hereinbefore so that the signal transmitted to 
the ground station will be synchronized with the time of 
day clock in the ground station 1 2 A at the time of outage. 
[0026] Refer now to Figure 4B showing the master 
time of day epochs at the airborne station 1 3A' after out- 
age. It will be noted that these epochs and waveform 
are identical to that explained hereinbefore with refer- 
ence to Figure 3A, but will now be used for explaining 
the adjustment of the master time of day clock in the 
ground station. 

[0027] Refer now to Figure 4C showing the master 
time of day epochs or clock at the ground station 1 2 A at 
the time of arrival and after the obstruction 1 4 has been 
removed. It will be noted that this waveform 26 is not 
synchronized with the waveform shown in Figure 3B but 
has been shifted by the amount shown as "ABS moved" 
in Figure 4 A. Without any adjustment the waveform 26 
cannot be received in synchronization with waveform 
Figure 3B due to the increased time of propagation. 
[0028] Refer now to Figure 4D showing the waveform 
26 after it is adjusted by the amount "ABS moved" 
shown in Figure 4A. It will be understood that after rec- 
ognizing that the time slot 22B shown in Figure 4A has 
moved it is now possible for the airborne station to adjust 
the next following time slot 23A shown in Figure 4C so 
that it is moved to the position 23B shown in Figure 4D 
and that the time slot 23B arrives at the ground station 
12A in synchronization with the ground station's time of 
day clock. 

[0029] Refer now to Figure 5 showing a block flow di- 
agram of a controlled sequence of the steps or events 
employed to reacquire a ground station after an outage 
has occurred. Block 31 shows that the control in the air- 
borne station 13A starts with the synchronization of the 
network 20. Block 32 shows that the ABS control causes 
the transmittal of a waveform master time of day (t) and 
adjusted time of day (t) to all ground stations. The block 
33 shows that the airborne station next polls the status 
of the up link signals from the ground stations. The con- 
trol in the ABS platform makes the logical decision 
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whether any of the ground stations have an outage by 
looking for an up link signal from each and every station. 
If all ground stations respond with status, then there is 
no outage as shown on line 35 and the logic returns to 
block 32. However, if there is an outage as detected by 
the absence of an up link signal from any ground station 
then the ground station GSx has an outage as shown at 
block 36. The control in the ABS saves the time T1 or 
propagation time to the ground station GSx at the time 
of outage. Then the control in the ABS looks for an up 
link signal from the ground station GS X as shown in block 
37. When the up link signal from the ground station GS* 
is received at ABS the airborne station saves the new 
propagation time TV. As shown at block 39, the control 
in the airborne station modifies the down link signal ad* 
justed time of day (which is equal to t plus T1 minus Tl') 
and transmits T1 minus TV data to the ground station 
GS X . The ground station GS X automatically and instan- 
taneously syncs on the adjusted time of day signal and 
the ground station GS* adjusts its own master time of 
day clock by T1 minus T1 '. Next the ground station GSx 
sends an up link signal that its master time of day has 
been resynced as shown at block 40. At block 41 the 
airborne station receives the acknowledgement and 
ceases the time shift Tl minus TV in the adjusted time 
of day channel as shown in block 41. At this time the 
control signal on line 47 returns the control logic to block 
32. 

[0030] Having explained how the control in the air- 
borne station generates a shifted signal that enables the 
ground station to instantaneously and automatically re- 
synchronize its spread spectrum clock and adjust its 
own time of day clock to resync with the master clock in 
the airborne station it will be appreciated that all stations 
that have remained in synchronization and in communi- 
cation with the airborne station are continuously receiv- 
ing and transmitting data as was explained with refer- 
ence to Figures 3 and 4 during each ground station's 
respective time division multiple access time slot. 
[0031] Having explained how two orthogonal chan- 
nels are employed by the airborne station and one of 
the channels is employed as the master time of day 
clock channel and the other orthogonal channel is em- 
ployed as an adjustable time of day channel it will be 
appreciated that it is possible to have a larger number 
of channels than two. It may be possible to dedicate one 
adjustable channel for each of the ground stations pro- 
vided that a method or some means of avoiding cross 
channel interference is maintained. In the preferred em- 
bodiment of the present invention, it is possible to have 
a very large number of ground stations using only two 
orthogonal transmitting station channels, simplifying the 
novel system explained hereinbefore. 



Claims 

1 . Apparatus in a data link network system of the type 



having a central node and a plurality of ground sta- 
tions each having transmitter/receivers for main- 
taining spread spectrum communications on the 
network, comprising: 

s 

a transmitter in said central node having a mul- 
ti-channel transmitter for transmitting quadra- 
ture and in phase spread spectrum data sig- 
nals, 

w one of said multi-channels providing a fixed 

master time of day clock for said data link net- 
work system, 

the other of said multi-channels providing an 
adjustable time of day clock relative to said 
15 master time of day clock, 

control means in said central node for sensing 
an outage between said central node and a 
ground station, 

said control means in said central node for cal- 
20 culating the propagation time T1 to said ground 

station, 

said control means in said central node for ad- 
justing the timing of one of said spread spec- 
trum signals to be transmitted relative to said 

25 master clock so that the adjusted signal is syn- 

chronized with the spread spectrum receiver in 
said ground station, and 
means in said ground station receiver for in- 
stantaneously reacquiring the transmitted ad- 

30 justed spread spectrum signal transmitted by 

said central node to said ground station. 

2. Apparatus as set forth in Claim 1 wherein the 
ground station receiver comprises means for re- 
35 ceiving data indicative of said propagation time Tl 
and for calculating a ground station clock time that 
is resynchronized with said master clock in said 
central node. 

40 3. Apparatus as set forth in Claim 2 wherein the 
ground station receiver/transmitter comprises 
means for transmitting data to said central node in- 
dicative of its network status including that reacqui- 
sition is established. 

45 

4. Apparatus as set forth in Claim 3 wherein said cen- 
tral node receive r/transmitter comprises means for 
receiving status data from said ground station and 
for readjusting said adjustable channel to the same 

50 time relationship with said master clock in said cen- 
tral node. 

5. Apparatus as set forth in Claim 1 wherein said con- 
trol means in said central node comprises means 

55 for determining the status of all of said ground re- 
ceivers and for reestablishing acquisition of any 
ground station after an outage is detected. 
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6. Apparatus as set forth in Claim 5 wherein said con- 
trol means further comprises means for allocating 
power and data rate of the spread spectrum signals 
in said multi-channels when all ground stations are 
reacquired and no outage exists. 

7. A method of reacquiring synchronization between 
a multi-channel central node receiver/transmitter 
and a receiverAransmitter of a ground station after 
an outage, comprising the steps of: 

sensing at the central node receiver/ transmit- 
ter that an outage has occurred between a 
ground station and the central node, 
sensing at the central node when the outage 
has been removed and an up link data signal 
can be received, 

determining at the central node the propagation 
time required to transmit spread spectrum sig- 
nals to said ground station, 
adjusting the relative time of the spread spec- 
trum signals in an in phase adjustable channel 
of said multi-channel receiverAransmitter while 
maintaining the master channel with the master 
time of day clock spread spectrum signals, 
transmitting said adjusted spread spectrum sig- 
nals to said ground station adjusted to arrive in 
synchronization with the spread spectrum clock 
signals in said ground station receiver, 
instantaneously reacquiring said adjusted 
spread spectrum signal and data accompany- 
ing said adjusted signal, and 
employing said accompanying data to reset the 
relative time of said spread spectrum clock sig- 
nals in said ground station receiver so that sub- 
sequent spread spectrum signals from said 
master channel are received in synchronization 
with the spread spectrum receiver in said 
ground station. 

8. The method as set forth in Claim 7 which further 
includes the step of transmitting from said ground 
station to said central node a status signal that is 
synchronized to arrive at said central node at a pre- 
determined time. 
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nals to said ground station, and 

returning said adjusted time of said spread 
spectrum signals in said adjustable channel to syn- 
chronization with the master time of day clock sig- 
nals to said master channel. 

12. The method as set forth in Claim 11 which further 
includes the step of controlling the power and data 
rate of said multi-channels independently of each 
other. 



9. The method as set forth in Claim 8 wherein said pre- 
determined time comprises a unique time division 
multiple access time slot. 

1 0. The method as set forth in Claim 7 wherein said step 
of transmitting said adjusted spread spectrum sig- 
nals to said ground station comprises transmitting 
said adjusted signals until an acknowledgement 
signal is received from said ground station. 

11. The method as set forth in Claim 10 which further 
includes ceasing transmittal of said adjusted sig- 
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ABS TRANSMITS ITS 
MDOD(t) AND ITS ATOD(t) 
TO ALL GROUND STATIONS 
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NO 



ABS POLLS STATUS OF 
U/L SIGNALS OF GS 
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DOES ANY G.S. HAYE 
AN OUTAGE? 



YES 



GROUND STAHONS(s) GS X 
HAS AN OUTAGE 
SAVE T1 FORGSx 
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LOOK FORGSx 
U/L SIGNAL 
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U/L SIGNAL REC'D @ ABS 
SAVE TT 
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ABS MODIFIES D/L SIGNAL; 
AT0Ds(l*T1-Tl') 
AND TRANS T1-T1' DATA 
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GS X SYNCS ONATOD; 
GSx ADJUST MTOD BY T1-T1 '; 
GS X SENDS U/L MTOD RESYNCED 
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ABS CEASES TIME SHIFT 
T1-T1' IN ATOD CHANNEL 



39 



40 



41 



GO TO 32 



Figure 5 



10 



